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Summary 
In the paper, the authors showed the results of studies on influence of production conditions on composite material properties during 
intermetalic phase Fe-Al reinforced by Al2O3 particles. It was assessed that the quantity, size and condition of the surface of applied 
reinforcement has a significant influence on properties of composite material. Improvement of tribologic properties and resistance to 
erosion wear of the material was noted together with decrease in size of the particles used as reinforcement of the composite material. The 
use of Al2O3 particles covered with nickel layer as reinforcement substantially improved properties of studied composite material. 
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1. Introduction  
 
Alloys on the matrix of systematic intermetallic phases 
belong to a new generation of construction materials. Because of 
their unique physical, chemical and mechanical properties they 
are regarded as materials of the future. Due to this fact, many 
world research institutes presently conduct studies on this type of 
materials. Intermetallic phases of equilibrium system of Ti-Al, Ni-
Al, Fe-Al, Nb-Al and Mo-Si belong to the most interesting ones 
because it is possible to learn their yield point Domestic research 
scientific institutes have also put much interest in studies on these 
alloys for several years. It concerns especially alloys, which 
include following phases: FeAl, Fe3Al, NiAl, Ni3Al, i TiAl [1- 4]. 
It is worth noting that within analysed group of materials, the 
ones, in which intermetallic phase constitutes the matrix – 
composite material, are of special interest. The reinforcement 
consists mainly of particles of Al2O3 SiC, TiC etc. So, there is a 
composite, which beside desired properties characteristic for a 
matrix material (intermetallic phase), is distinguished by its very 
high resistance to wear. [5, 6]. Estimation of future applications 
for these composites is a significant element of conducted studies. 
Scientific literature shows, that in the future these materials would 
be especially applied in the elements exposed to corrosion, 
erosion, tribologic influence etc, also taking into account 
increased temperature conditions. The studies presented in this 
paper are focused on assessment of influence of quantity and 
volume of reinforcement phase of Al2O3 particles and type of the 
particles’ surfaces on resistance to abrasive and erosion wear of a 
composite material produced by pressing method, which matrix 
consisted of Fe3Al phase [7, 8]. 
 
 
2. Methodology and results of 
researches 
 
Samples of composite material were made using the blend 
of technically pure iron and aluminum powders. Previous studies 
[9 - 13] showed that in order to obtain the shell  of composite 
material in phase Fe3Al it is necessary to use the blend of Fe and 
Al powders in 60% to 40% atm. proportions. The reinforcement 
consisted of previously selected three kinds of powder particles, 
which differed in size of the particles: below 10 µm (called f0), 
20-30 µm (called f2) and 50-60 µm (called f5). 
Two-stage process of composite production was applied. 
First stage was conducted in static conditions under the load of 
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15300 MPa and in the conditions of cyclically variable loading of 40 
Hz frequency. Temperature of the process in both cases was this 
same and amounted to 660
OC. The time of presintering was this 
same and amounted to 1 hour for all variants of sample 
production. The second stage of the sintering, called „principal”, 
was conducted in 1250
OC temperature in argon protective 
atmosphere during 1 hour. Produced samples had forms of 
cylinders of 10mm diameters and 10-12 mm high. 
Microscopic studies showed that in each case two phases 
of composite material were recorded, where intermetallic phase 
with chemical constitution characteristic for phase FeAl 
constituted the „shield” Additionally, in the samples reinforced 
with the particles covered with nickel layer, which were tested 
directly after principal sintering, increased concentration of nickel 
in the border area of Al2O3 particles and shield separation was 
recorded. 
 
 
 
Fig. 1. Linear microanalysis of chemical composition in the area 
of phase separation border 
 
Hardness is one of primary parameters, which 
characterizes practical properties of majority of engineering 
materials. For this reason, composite materials hardness was 
measured using Vicker’s method under the load of 50 N. Results 
of the tests showed that participation of reinforcing phase 
(regardless the size of applied particles) should not be regarded as 
a factor, which insignificantly influences the level of hardness 
(fig.2). There is a certain upward relation between the particle 
hardness and increase in reinforcement quantity. A little increase 
in hardness was recorded for the composite, which was made of 
particles of smaller sizes. A little influence of nickel layer on 
hardness of particle reinforcement was noted, as well. The level of 
hardness increased by 5-10%. 
Erosio tests were conducted on the stand showed on fig 3. 
Air pressure and angle of particle impact on the sample were the 
variable parameters of the experiment. Erosion tests lasted 10 
minutes. The air pressure amounted to 0,3 MPa. Under this 
pressure the stream velocity amounted to 150 m/s. The stream 
impact angle equaled 90°. Quartz sand of 0,2-0,3 diameter 
constituted the abrasive material. Loss measurement was 
conducted in one-minute time intervals up till 4 minutes and later 
every 2 minutes. 
 
 
 
Fig. 2. Influence of reinforcement quantity on hardness of 
composite material 
 
 
Fig. 3. The scheme of study stand: 1 – supply of compressed air, 2 
– manometer, 3 – pressure pipe, 4- stop valve, 5 – guide ring of 6 
mm in diameter and 120 mm long, 6 – sand stream, 7 – sample, 8 
– fasting grip, 9 – ventilation pipe, 10 – working chamber, 11 – 
sand container, l=15 mm – sample distance to outlet of sand 
stream , α =90°- stream impact angle 
 
 
In the consecutive stage of studies, prepared samples 
underwent tests of resistance to wear using following methods: 
„pin on disc” and stream-abrasive method. In abrasive tests, load 
of 3 MPa and linear velocity of 0,50 mps were used. Steel 45 
thermally resistant to 45 HRC hardness was the counter-sample. 
The test lasted 2 hours. Temperature in direct proximity of 
cooperating steam amounted to 25±2
OC. During the whole cycle 
of tests, value of linear wear was constantly recorded as well as 
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16 mass of the sample was periodically weighted with 0,0001 g 
precision. 
Studies’ results of abrasive wear as function of testing 
time (fig. 3) show that the quantity of reinforcing phase consisting 
of Al2O3 particles significantly influences level of material wear. 
It was assessed that increase in share of reinforcing phase (up till 
20%) results in increase in composite’s resistance to erosion. 
Conducted tests also show that increase in share of 
reinforcing phase (up till 20% ) in the mentioned composite, 
which was made in static conditions, substantially improves its 
resistance to erosion. Additionally, increased resistance to erosion 
was recorded during testing of composite materials, containing 
Al2O3 particles with nickel layer. It is important to mention that 
during conducted tests it was characteristic that the level of wear 
intensity of tested tribologic pairs (which roughness parameters 
before the sample and counter-sample testing ranged Ra = 0,1÷0,2 
µm) became stable after approximately 15 minutes of testing – 
fig. 4a. Due to this fact it was possible to determine wear intensity 
coefficient for this scope of testing, which could be described as 
follows: 
i = (∆m/p)/∆t   [kg/m2h]    (1) 
where: 
∆ (m/p) – loss of the testing material mass per 1m
2 of friction 
surface, 
∆t – increment of time 
 
Resistance to erosion wear was assessed for the same 
samples, on which abrasive wear tests were made. Conducted 
tests of erosion resistance disclosed, that application of 
reinforcement of Al2O3 particles decreases unit wear of tested 
material. It was identified that the size of reinforcement particles 
used during the test (f0, f2 and f5) did not significantly influence 
the magnitude of unit wear of composite material tested particles. 
However, substantial influence of surface conditions of applied 
reinforcement phase particles on the level of composite wear was 
recorded – fig. 5. When reinforcement phase particles has nickel 
layer on the surface, the level of unit wear decreased. Increase in 
quantity of reinforcement phase results in decrease in composite’s 
resistance to erosion. Conducted microscope observations indicate 
that obtained results of tested material’s erosion are probably 
related with increased probability of chipping of hard and brittle 
reinforcement phase (relating to the material containing 10% of 
the reinforcement). Effects of chipping watched under microscope 
had forms of deep holes, in which fragments of not totally 
removed Al2O3 particles were still present. 
 
3.Conclusions 
 
Conducted laboratory studies enabled the authors to formulate 
following final conclusions: 
1) The quantity of reinforcing phase does not significantly 
influence the level of hardness of studied materials. 
2) Increase in content of reinforcing phase causes increase in 
resistance to abrasive wear. 
3) Increase in resistance of studied composite materials to wear 
was recorded in the case of applying the reinforcement of 
Al2O3 with nickelic layer. 
4) Resistance to erosion wear of composite materials during   
ntermetallic phase reinforced by Al2O3 particles was. 
 
 
 
Fig. 4. Resistance of tested composite material to abrasive wear: 
a) – unit mass loss, b) – wear intensity 
 
 
Fig. 5. Erosion wear of intermetallic phase Fe3al and composite 
material on its layer 
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